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Chapter 14  From Maternal Investment 
to Lifetime Maternal Care
 Maria A. van Noordwijk
ALL FEMALE mammals provide energetic investment in their offspring in the form of gestation and lacta-tion. Primates stand out among mammals, however, 
in that the mother- offspring bond rarely ends at weaning. 
This is a result of their general gregariousness and relatively 
slow development (chapter 10, this volume). In fact, the 
potential for prolonged investment in some form exists as 
long as mother and offspring survive and inhabit the same 
home range, and especially when they belong to the same 
social unit. Maternal support may be prolonged throughout 
the mother’s life span and may even be expanded to include 
grand- offspring (Fairbanks 1988, 2000). Indeed, despite 
being weaned, juvenile primates, who are still relatively 
small (initially on average about 30% of maternal weight: 
Ross 2003), require the “umbrella” care provided by the 
mother and other members of her social group. Such care is 
often shared with (half)- siblings of various ages. It provides 
the offspring not only with antipredator and social pro-
tection (thus improving its chances of survival and access 
to food), but also with numerous opportunities for social 
learning, and it sometimes includes possibilities to obtain 
food directly from the mother or other group members. In 
some species it even includes being carried, and active food 
sharing by others than the mother. Thus, in addition to the 
basic direct physical investment shared with all other mam-
mals (e.g., nursing, carrying, thermoregulation), primate 
mothers also offer their offspring prolonged social care (ag-
onistic and antipredator protection, learning opportunities; 
see chapter 11, this volume). The long association between 
mother and offspring, which is even further extended for 
the philopatric sex, provides great potential for long- term 
maternal inﬂ uence on offspring ﬁ tness.
Trivers (1972) deﬁ ned parental investment (PI) in terms 
of the cost to the parent, so that it reﬂ ects any parental 
expenditure of time and energy that reduces the parent’s 
ability to invest in other offspring. The broader term pa-
rental care includes any parental behavior and expenditure 
that is likely to increase the offspring’s chances of survival 
and success (Clutton- Brock 1991). Parental care can be 
depreciable—that is, it contributes exclusively to the off-
spring concerned because the relevant resource is reduced 
in availability to others as it is allocated. Examples of this 
include carrying, food provisioning, and unilateral agonis-
tic support in conﬂ icts. Care can also be nondepreciable—
that is, the relevant resource is not reduced in availability 
when invested, and thus is potentially shareable across mul-
tiple offspring at the same time. Examples of this form of 
care include vigilance and facilitation of opportunities for 
 learning.
In this chapter, I examine variables that affect maternal
investment and care throughout an offspring’s life, such as 
the commencement of reproduction in relation to maternal 
condition and environmental ﬂ uctuations; the interactions 
between mother and offspring during gestation and lacta-
tion; the opportunities for maternal care beyond weaning; 
care by others; and the possibility of differential investment 
and care in sons versus daughters. Before examining these 
issues in detail, however, we must deal with two general is-
sues that characterize all interactions surrounding reproduc-
tion. First, reproduction is an arena of evolutionary conﬂ ict 
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competition among siblings of different ages. In such con-
ﬂ icts, primate mothers tend to support the younger, weaker 
offspring against their own stronger siblings, resulting in 
the “youngest ascendancy dominance rank acquisition” in 
matrilineal social groups (Kawai 1965, see also chapter 21, 
this volume).
Measuring Maternal Investment and Its Impact
It is very difﬁ cult to estimate maternal investment directly. 
One approach to measuring it noninvasively is to record a 
mother’s activity pattern during the various phases of re-
production, and to estimate the cost of provided care in 
comparison with that of nonmothers (or of the same female 
in the nonreproductive state). However, under natural con-
ditions many other factors vary over time, and reproduction 
may be timed to take advantage of this variation. Thus, 
only a few dedicated studies under natural conditions have 
used this method of estimating the costs of gestation, milk 
production, carrying, and so on in primates (e.g., baboons, 
Papio spp., Altmann 1980, Dunbar 1988, Barrett et al. 
2006a; spectral tarsiers, Tarsius tarsier, Gursky 2002; sia-
mangs, Symphalangus syndactylus, Lappan 2009).
It is easier to estimate the cost to the mother in terms of 
time invested exclusively in a particular offspring or litter 
by measuring interbirth interval (the intervals between the 
birth of one infant surviving at least to weaning and the 
next birth). Within a species, gestation length varies very 
little (Martin 1990), but the duration of the lactation period 
varies within and among individuals and populations. Simi-
larly, variation is found in the overlap between lactation 
and gestation of the next offspring, or even the duration of 
a distinguishable recovery period for the mother to reach a 
condition threshold for conceiving again (Bercovitch 1987; 
Mas- Rivera & Bercovitch 2008). In all scenarios, variation 
in interbirth intervals provides a reasonable estimate of dif-
ferences among females (or conditions or populations) to 
acquire enough energy to raise healthy, surviving offspring 
(e.g., baboons: Altmann & Alberts 2003, 2005; Garcia 
et al. 2009; long- tailed macaques, Macaca fascicularis: van 
Noordwijk & van Schaik 1999). Similarly, differences in 
the cost of raising sons or daughters to weaning age can 
be estimated through the duration of the subsequent birth 
intervals (see below). Time will therefore be the currency 
used here to compare maternal investment across condi-
tions and species.
 Obviously, time cannot be used to estimate the quality 
of post- weaning care. Maternal care is recognized by its 
value to the offspring, thus it should improve the survival 
and reproductive success of the offspring. Since many fac-
that occurs not only between mothers and offspring, but 
also between the two parents and among offspring (Trivers 
1974; Parker et al. 2002). Second, because maternal energy 
expenditure on behalf of the offspring cannot usually be 
measured directly in wild primates, we must address the 
indirect measures that are available to ﬁ eld workers.
Conﬂ icts of Interest
As in other mammals, female primates carry the entire 
burden of energetic investment in offspring through gesta-
tion, and the lion’s share during lactation (ﬁ g. 14.1). How 
much energy a mother provides to each offspring is likely 
to affect her own survival chances, as well as those of her 
offspring, and therefore her own lifetime reproductive suc-
cess. Because a younger sibling is at best a full sibling to the 
current offspring, the latter should prefer more and lon-
ger investment directed to itself than to its future sibling. 
The mother, however, is equally related to all her offspring. 
Thus, throughout development there is a potential conﬂ ict 
between mother and offspring about how much she invests 
in them and when she should end this investment (Trivers 
1974; Clutton- Brock 1991).
Despite the potential for conﬂ ict, mother and offspring 
obviously share an interest in ensuring that maternal invest-
ment not only allows the infant to survive and ultimately re-
produce, but also (at least in primates) allows the mother to 
survive to provide important postweaning care. Such care 
can hardly be enforced by the offspring, since the mother 
can refuse to provide it if the attendant costs are too high. 
Thus, in primates the potential for conﬂ ict largely ends with 
weaning, whereas prolonged care is often expected.
Less visible than the behavioral conﬂ ict over the timing 
of termination of exclusive investment is the physiologi-
cal tug- of-war between mother and offspring in utero (see 
below). This chemical interaction affects the fetus’s physi-
ological settings, and also turns out to inﬂ uence its lifelong 
responses to food availability, social stress, and thus suscep-
tibility to disease. Another major conﬂ ict hidden in utero is 
that between the two parents. Paternal copies of genes may 
be selected to stimulate the developing fetus to maximize 
its extraction of resources from the mother, whereas the 
mother’s gene copies are expected to limit investment to a 
lower level that optimizes the mother’s lifetime reproduc-
tive success (Moore & Haig 1991).
A group- living primate mother typically combines invest-
ment in her youngest offspring with supplemental care for 
older offspring of various ages, which still live in associa-
tion with her. During the relatively long postweaning im-
mature phase of primates, there is ample opportunity for 
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1988; macaques, Bercovitch & Berard 1993, van Noord-
wijk & van Schaik 1999; mandrills, Setchell et al. 2002; ba-
boons, Bercovitch & Strum 1993, Johnson 2003, Altmann 
& Alberts 2005). Thus, variability in interbirth interval, in 
offspring weight or age at weaning, and in age of sexual 
maturation indicates differences in the rate of a mother’s 
investment in her offspring, and is closely linked to access 
to food (see also chapter 15, this volume).
Timing of Reproductive Events
Few if any mammals experience a continuous food supply. 
Fluctuations in food availability and quality often come in 
rather predictable yearly cycles, but they can also be less 
predictable, with pronounced interannual variation (van 
Schaik et al. 1993; chapter 7, this volume). Since female 
reproduction is largely dependent on access to sufﬁ cient 
food, it is important to understand how females time their 
reproduction relative to periods of food abundance and 
(unpredictable) shortage. Primates tend to have a long re-
productive cycle, with an especially long lactation period in 
comparison to other mammals of similar size (chapter 10, 
this volume). Thus, mothers need to schedule conception so 
that peak needs (during lactation) will coincide either with 
a future peak in food availability or with built-up internal 
(fat) reserves that buffer for low food supply. Either way, 
limiting the onset of reproduction to a particular season 
is potentially costly to females, since a reproductive fail-
ure would necessarily delay subsequent breeding. Thus, 
seasonal reproduction must have compensatory beneﬁ ts in 
order to be favored by selection, although those beneﬁ ts do 
not necessarily reﬂ ect the same reproductive strategy in all 
seasonally breeding primates.
Seasonal breeding is common in most taxonomic groups, 
but it follows different scenarios in different species. Drent 
and Daan (1980) identiﬁ ed two distinct reproductive strate-
gies in birds that breed at high latitudes. In some species, 
the females store fat before the onset of reproduction and 
adjust the number of eggs they lay to these reserves. Con-
versely, the females of other species do not store fat in ad-
vance, but instead dynamically adjust their clutch size to 
their food intake rate. A similar distinction in reproduc-
tive scenarios was independently proposed for tropical 
primates, inspired by the high interannual variance in fruit 
abundance in Southeast Asia as compared to more predict-
able seasonal variation in food availability in other regions 
(van Schaik & van Noordwijk 1985). Stearns (1992) in-
corporated these different investment scenarios into general 
life- history models to explain variation in the number of 
offspring produced, the timing of the reproductive cycle, 
and two extreme maternal strategies of energy acquisition 
tors could inﬂ uence the offspring’s success in life, one can 
isolate the inﬂ uence of maternal care by a comparison of the 
survival and success of orphans with that of immatures liv-
ing in association with their surviving mothers (see below).
Maternal Investment and Maternal Condition
Access to Food
Mothers need to ﬁ nd the balance between reproduction and 
the growth and maintenance needed for their own survival 
(age- related investment decisions are discussed in chapter 
10, this volume). Studies of food- enhanced primate groups 
show that females with access to more food (enhanced ma-
ternal condition) invest more heavily in reproduction. This 
is shown by their faster- developing offspring and shorter in-
terbirth intervals (e.g., Japanese macaques, Macaca fuscata, 
Watanabe et al. 1992, Kurita et al. 2008; yellow baboons, 
Papio cynocephalus, Altmann & Alberts 2005). Under 
natural conditions, a mother’s social status mediates access 
to food for herself and her offspring. Indeed, high- ranking 
females often have larger and/or faster- growing infants, 
which are weaned after a shorter lactation period (e.g., 
baboons, Johnson 2003; Altmann & Alberts 2005; Garcia 
et al. 2009). This results in a shorter interbirth interval after 
a surviving offspring (e.g., macaques, Sugiyama & Ohsawa 
1982, van Noordwijk & van Schaik 1999; mandrills, Man-
drillus sphinx, Setchell et al. 2002; chacma baboons, Papio 
ursinus, Cheney et al. 2004, 2006), and faster- maturing 
daughters (lower age at menarche and ﬁ rst reproduction: 
vervet monkeys, Chlorocebus pygerythrus, Cheney et al. 
Fig. 14.1. In almost all monkeys and apes, infants experience relatively long 
periods of dependence on caregivers, both for nourishment and for locomotion. 
With a few notable exceptions, it is mothers that bear the burden of most of 
these costs, such as this female ursine howler monkey (Alouatta arctoidea) in 
Hato Masaguaral, Venezuela. Photo courtesy of Carolyn M. Crockett.
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(table 14.1; see also evidence presented in Brockmann & 
van Schaik 2005). First, income breeders undergo a very 
small number of ovarian cycles before conception, whereas 
that number is variable in capital breeders, which have a 
high maternal condition threshold.
 Second, income breeders tend to have lower frequency of 
failed pregnancies (abortions), and are instead more vulner-
able to high rates of infant mortality (e.g., ring- tailed lemurs, 
Gould et al. 2003; Japanese macaques, Kurita et al. 2008) 
or increased rates of infant rejection and abandonment by 
mothers in poor condition (e.g., vervet monkeys, Fairbanks 
& McGuire 1995).
Third, income breeders tend to wean infants at a par-
ticular absolute age and relative to a temporary food peak, 
which allows the mother to align her next conception to the 
following year’s food cycle. Thus, we expect to ﬁ nd a less 
variable interbirth interval or a bimodal distribution. At the 
capital- breeding end of the continuum, infants are weaned 
once they have reached a certain condition. Here, length of 
lactation (age at weaning) and thus interbirth intervals tend 
to be more variable among females, whereas weight of the 
weanling is less variable (e.g., baboons, Lycett et al. 1998, 
Johnson 2003, Altmann & Alberts 2005, Barrett et al. 
2006b, Cheney et al. 2006, Garcia et al. 2009; Phayre’s leaf 
monkey, Trachypithecus obscurus phayrei, Borries et al. 
2008; white- faced capuchins, Cebus capucinus, Fedigan 
et al. 2008; siamangs, Lappan 2008).
Fourth, income breeders using an external trigger con-
tinue to reproduce seasonally when translocated or provi-
sioned with a constant diet (e.g., common squirrel monkeys, 
Saimiri sciureus, Schiml et al. 1999; lemurs, Rasmussen 
1985). Capital breeders show more variation in seasonal-
ity between populations and become less seasonal in their 
to support reproduction. Mothers following the income 
breeding scenario completely support their reproduction 
through daily foraging, whereas those following the capital
breeding scenario store reserves whenever possible, mostly 
before and during gestation, to support lactation even when 
conditions are suboptimal.
With few exceptions (e.g., hooded seals, Cystophora 
cristata, which have an extremely short lactation period: 
Iverson et al. 1995), mammals cannot sustain lactation on 
built-up fat reserves alone. Therefore, instead of deﬁ ning a 
strict dichotomy in breeding scenarios, the labels income 
breeding and capital breeding mark the endpoints of a con-
tinuum that ranges from species that use only an external 
trigger for the onset of (seasonal) reproduction irrespective 
of physical condition to species that require a minimum 
maternal condition before conception (and additional fat 
storage whenever possible). This continuum has been help-
ful in explaining the variation in temporal patterns of ma-
ternal investment in many mammals (e.g., Festa- Bianchet 
et al. 1998; Boyd 2000; Broussard et al. 2005; Wheatley 
et al. 2008), including primates (e.g., Richard et al. 2002; 
Brockman & van Schaik 2005; Janson & Verdolin 2005; 
Lewis & Kappeler 2005). There is little evidence that mater-
nal condition affects litter size in primates since most species 
give birth to single offspring. However, for species in which 
twins and triplets are common, females in better condition 
are more likely to produce triplets, at least in captivity (com-
mon marmosets, Callithrix jacchus, Tardif & Jaquish 1997, 
Nievergelt & Martin 1999; ring- tailed lemurs, Lemur catta, 
Pereira et al. 1993, Nunn & Pereira 2000).
Even though detailed data on female fat storage are lack-
ing for most primate species, the available empirical evidence 
is consistent with the income- capital continuum perspective 
Table 14.1. Maternal parameters expected under the extreme scenarios of the income- capital continuum (cf. Brockman & van Schaik 2005)
  Income scenario  Capital scenario
Maternal physiology Little fat storage Fat storage whenever possible, especially during gestation
Ovarian cycles to  conception Few Variable
Ovarian activity:  Conception Triggered by exogenous factor (e.g.,  photoperiod) Triggered by endogenous factor (physiological  condition)
Maternal recuperation period None Variable after raising of offspring to weaning
Mating/ birth seasonality Pronounced seasonality No strict seasonality
Effect of translocation or provisioning 
 on  reproduction
Same external trigger, same seasonality Less seasonality
Timing of gestation Preceding predictable high food availability During high food availability
Timing of lactation Before and during high food availability During and after high food availability
Timing of weaning During high food availability Delayed if food availability insufﬁ cient
Birth rate Annually or semiannually; low interannual  variation High interannual variation depending on food/ body condition
Abortion rate Low Higher, affected by food acquisition
Infant mortality Food- dependent Relatively low
Effect of maternal  dominance rank
 
Little effect on birth rate, some effect on infant survival
 
Variable effect on birth rate and age of weaning through 
 maternal condition; also possible effect on infant growth rate
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vulnerability to pregnancy complications may be related to 
these anatomical differences.
A mother’s offspring is related to her by only 50%, so her 
body needs to suppress a strong immunological response 
to reject the implantation of such a foreign body inside her 
uterus. It is possible that this suppression needs to be even 
stronger in species with closer contact between maternal 
and embryonic/ fetal tissues (especially in species with inva-
sive haemochorial placentation, such as the Cercopithecoi-
dea and Homoinoidea). However, variation in such a ma-
ternal immunological response is still poorly documented 
(Martin 2008).
After implantation, the intimate mother- fetus relation-
ship may be shaped partly by an evolutionary conﬂ ict 
between the maternal and fetal cells over the quantity and 
rate of maternal nutrients taken by the fetus (Haig 1993). 
The fetus is expected to prefer greater access to maternal 
resources than the mother is willing to allow. Within the 
fetus, paternally “imprinted” genes are expected to coun-
teract maternal mechanisms that limit investment in the 
fetus, which ultimately reﬂ ects sexual conﬂ ict. The interac-
tion between opposing chemical signals from mother and 
fetus also serves as information exchange, indicating the 
competence of the fetus and the limits of maternal abilities 
to provide nutrients (Haig 1993), either from reserves or 
ongoing food acquisition.
The intimate and prolonged contact between cells with 
different genetic backgrounds also requires a carefully bal-
anced interaction between the fetal and maternal expres-
sion of (species- speciﬁ c) major histocompatibility complex 
(MHC) genes in order to avoid severe harm to mother or 
offspring from a suboptimal exchange of nutrients and in-
formation, or even from premature expulsion of the fetus 
itself (Bainbridge 2000). The haemochorial placenta re-
leases an array of chemical stimuli directly into the moth-
er’s bloodstream. These fetal triggers cause the mother to 
maintain production of progesterone, raise her blood pres-
sure (thereby increasing the volume of blood reaching the 
fetus), and reduce her control over nutrient ﬂ ow to the fetus 
relative to her own tissues (e.g., through placental lactogen, 
which makes more glucose available to the fetus by counter-
acting maternal insulin). Pregnancy complications such as 
pre- eclampsia and gestational diabetes, endangering the life 
of both mother and fetus, are best known in humans, but 
there is some evidence for their occurrence in captive great 
apes and Cercopithecidae (Carter 2007). These problems 
reﬂ ect an extreme outcome of the chemical conﬂ ict between 
fetus and mother. Little is known about the prevalence of 
such phenomena among wild primates, but among strep-
sirrhines and plathyrrhines these are expected to be rare, 
due to their less invasive placentation systems. In general, a 
reproduction under provisioning or after translocation to 
a less seasonal environment (e.g., baboons, Barrett et al. 
2006; long- tailed macaques, Kavanagh & Laursen 1984).
Finally, the income- capital continuum also helps us to 
understand differences between populations in the changes 
that take place in maternal activity budget during preg-
nancy and lactation. More seasonal and income breeders 
have to increase their intake (or decrease their expenditure) 
during lactation, whereas at the capital breeding side of the 
spectrum, ﬂ uctuations in activity budget will be less pro-
nounced (cf. Altmann 1980 vs. Barrett et al. 2006a).
On average, female reproductive physiology is expected 
to take advantage of predictable changes in food availabil-
ity. With lengthening of the reproductive cycle and decreas-
ing predictability of the environment, however, a mother 
needs to provide a buffer to ensure a regular ﬂ ow of nu-
trients to her developing offspring. This constraint has led 
to variation among primates in the timing of reproduction 
relative to changes in the environment, as well as variation 
in patterns of maternal physiology and reproductive failure.
Prenatal Investment: Gestation
Mother- Fetus Interaction
During gestation, a mother hosts her offspring inside her 
own body and allows it to grow by taking nutrients from 
her. The exchange of nutrients and waste products between 
mother and offspring takes place through the placenta, an 
organ formed by the fetus. The anatomical details of the pla-
centa’s connection with the uterus vary among mammalian 
taxa, with three distinct types of fetal invasion of maternal 
tissue. The least invasive type, epitheliochorial placenta-
tion, is found in the strepsirrhines. Through special glands 
in the uterine wall, the mother releases nutrients for diffuse 
exchange over a large area of contact between maternal 
and fetal tissue. All other primates have haemochorial pla-
centation, characterized by fetal tissue entering the uterine 
wall and connecting directly to maternal blood vessels. The 
degree of invasiveness varies, however, and it appears to 
be lowest in the platyrrhines (Carter 2007). Martin (2008) 
concluded that both these forms of placentation are derived 
from the intermediate ancestral endotheliochorial form, but 
that there is no evidence for a difference in efﬁ ciency (as es-
timated by fetal growth rate), and that precocial and large- 
brained offspring can be produced irrespective of placental 
anatomy. Thus, the demand of a higher fetal brain growth 
rate seems not to have been the selective force that resulted 
in the two extreme forms of placental organization of the 
two major primate lineages. However, some differences in 
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interests and those of the affected offspring. In general, if 
early conditions are extreme or relatively temporary, physi-
ological priming probably reﬂ ects inevitable trade- offs with 
long- term consequences (Desai & Hales 1997; Wells 2003, 
2007; Bateson et al. 2004). When these effects are carried 
into the next generation, the trade- off interpretation is even 
more likely to be correct than the hypothesis that early 
physiological responses are adaptive.
Studies of humans are beginning to reveal a range of both 
physiological and behavioral correlates of prenatal and early 
postnatal exposure to poor nutrition, psychosocial stress, 
and even physical abuse (e.g., Hales & Barker 2001; Mick 
et al. 2002; Lahti et al. 2006; Phillips 2007; Entringer et al. 
2009; McGowan et al. 2009). Such early exposure appears 
to have an epigenetic effect—for example, by modifying the 
expression of steroid receptor genes (Champagne & Cur-
ley 2009) or causing stable changes in neuronal networks 
(Cirulli et al. 2009a). In captive rhesus monkeys, the avail-
able milk energy to the infant during the early postnatal 
period was found to correlate with measurements of the in-
fants’ conﬁ dence, whereas the level of nutrition during peak 
lactation had no effect (Hinde & Capitanio 2010), thus sug-
gesting an early ﬁ xation of physiological settings. For obvi-
ous reasons, little is known about prenatal effects on an in-
dividual’s physiology as a juvenile or adult in wild primates. 
However, infant yellow baboons with a low growth rate 
early in life did not show compensatory growth as weaned 
immatures when conditions became favorable (Altmann & 
Albert 2005). In addition, for a cohort of female baboons 
in the same population, Altmann (1991) found a signiﬁ cant 
correlation between nutrient acquisition (relative protein 
and energy intake) as yearlings and reproductive success as 
adults. This suggests that early conditions and ontogenetic 
experience, which are both directly affected by the mother 
and her condition, can have long- term effects on metabolic 
function. These effects are more consistent with the conse-
quences of maternal tradeoffs than with adaptive responses.
Onyango et al. (2008) reported that fecal glucocorticoid 
levels of ﬁ ve- to six- year- old male yellow baboons cor-
related with maternal rank at their conception, which re-
mained unchanged during their ﬁ rst year of life. Since these 
hormones are involved in the stress response, this pattern 
suggests that these males suffer chronic stress, which may 
affect their growth, immunocompetence, and reproduction. 
This result was unexpected because in this population sub-
adult males, prior to their dispersal from the natal group, 
rank above all adult females in the dominance hierarchy 
(Pereira 1988). Maternal glucocorticoid (GC) may directly 
affect the fetus, the infant through lactation, or the matur-
ing youngster via maternal behavior. Larger data sets are 
needed to clarify the consistency of the suggested connec-
mammal fetus causing severe harm to its mother will have 
a negligible chance of survival if this harm prevents the 
mother from providing postnatal nursing care. Thus, the 
prenatal tug- of-war is likely to favor the mother’s survival 
over that of her helpless offspring.
Developmental Plasticity and Prenatal Effects
On the basis of consistent correlations between low birth 
weight and the incidence of health problems later in life in 
humans, Hales and Barker (1992) formulated the thrifty 
phenotype hypothesis, which initially proposed that inad-
equate early nutrition has major long- term consequences 
via impaired development of the endocrine pancreas, which 
greatly increases susceptibility to type 2 diabetes in adults 
with abundant access to food. Later research expanded the 
hypothesis to include adjustments of many physiological 
settings with lifelong, mainly suboptimal, consequences. 
These strong effects of early development on later physi-
ological functioning indicate sensitive periods in the devel-
opment of anatomical and physiological features, as well 
as limitations on adult responsiveness to environmental 
changes. These constraints emphasize the role of the envi-
ronment a mother offers to her offspring.
Physiological priming by conditions experienced during 
fetal development, now known as metabolic imprinting 
(Metcalfe & Monoghan 2001), has been demonstrated in 
many species, from invertebrates to vertebrates (Bateson 
et al. 2004). Some studies even suggest that a female pre-
natally affected by her mother’s condition in turn affects 
the condition of her own offspring. For example, captive, 
single- housed female rhesus monkeys (Macaca mulatta) 
born with low birth weight reached average adult size and 
weight, but nonetheless produced daughters with low birth 
weight (Price & Coe 2000). This pattern suggests an in-
tergenerational transmission of fetal growth restrictions, 
known as gestational imprinting. For humans there are 
similar indications of this phenotypic inertia (e.g., Gluck-
man et al. 2005; Kuzuwa 2005).
Prenatal adjustments may be adaptive if the conditions 
experienced during early development have long- term pre-
dictive value (e.g., Bateson 2001, 2008; Gluckman et al. 
2007, 2008). For this to occur, such conditions need to 
persist for a long time relative to an individual’s life ex-
pectancy. In long- lived species, however, individuals are 
likely to experience a variety of food conditions over their 
lifetime, and permanent anatomical or physiological adjust-
ments to unusual food conditions made early in life (such 
as adjustment of the number of kidney cells or of sensitivity 
to insulin) thus hold little adaptive potential. Instead, they 
are likely to reﬂ ect a trade- off between the mother’s own 
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postnatal growth of the primate brain, even though some 
growth and certainly differentiation of the brain continues 
throughout the juvenile phase (Martin 1996; Leigh 2004). 
Thus, primate mothers provide a buffered food supply dur-
ing the most nutrient- sensitive phase of their offspring’s 
brain development (chapter 10, this volume).
The gross energy density of milk varies only little between 
different primate species, including the small callitrichines 
(Power et al. 2002). However, Tilden and Oftedal (1997) 
found higher proportions of fat and protein in the milk of 
those strepsirrhines that “park” their offspring while forag-
ing (e.g., lorises, galagos, and some lemurs) than in those 
that carry their young and allow them to suckle continu-
ously. In parking species, infant growth tends to be rela-
tively fast and mothers’ lactation tends to last shorter than 
gestation (van Schaik & Kappeler 1997; van Schaik et al. 
1999; Gursky 2007; Gould & Sauther 2007). On the other 
hand, female strepsirrhines that carry their infants resemble 
haplorrhines in several respects, such as milk composition, 
longer lactation periods, and slower postnatal growth. 
Thus, primate milk tends to be diluted and provided over a 
longer period wherever nursing is furnished “on demand” 
in frequent, short bouts.
Weaning
A mother faces the challenge of ﬁ nding the moment in her 
infant’s life at which additional investment through milk 
no longer signiﬁ cantly affects the offspring’s success, and 
can therefore be withheld, even though continued nursing 
would still beneﬁ t it. Figure 14.3 shows how natural selec-
tion can set the optimal timing of this termination in invest-
ment. This difference between a mother’s own optimum 
and that of her infant suggests it may be in the mother’s 
interest to minimize investment in her current offspring in 
order to enhance her own survival and future reproductive 
success, despite putting the survival of the current infant at 
risk (Trivers 1974; Fairbanks & McGuire 1995). In most 
primates, high- yield milk production can hardly be com-
bined with simultaneous gestation, and thus the termina-
tion of milk provisioning to one offspring coincides, more 
or less, with the onset of investment in the next. Therefore, 
the termination of prolonged milk provisioning, known 
as weaning, is the most conspicuous period of mother- 
offspring conﬂ ict.
 Weaning marks the completion of the transition from 
milk to a solid food diet. To be weaned successfully, an 
infant needs to be able to digest solid food, travel indepen-
dently (unless “helpers” relieve the mother of the cost of 
carrying), and forage competently in the face of moderate 
ﬂ uctuations in food supply. This last requirement ensures 
tion between maternal behavioral environment and sons’ 
stress levels later in life. A cross- fostering approach can 
help to separate the effects of maternal behavior from other 
physiological maternal effects. For example, Maestripieri 
et al. (2007) showed resemblance between infant rejection 
behavior by foster mothers and that of foster daughters 
towards their own ﬁ rst offspring, apparently mediated by 
early adjustment of neuroendocrine settings.
In summary, a primate mother’s physiological and be-
havioral environment may have profound, but largely unex-
plored, long- term effects on the lives of her offspring. More 
work is needed to resolve which of these effects are adaptive 
responses of offspring or outcomes of maternal compro-
mises, such as reduction of investment in pregnancy and lac-
tation under suboptimal circumstances to increase survival 
for future reproduction (cf. Wells 2003; Baker et al. 2009).
Post- Natal Investment
Lactation and Carrying
Unlike many other mammals, most primate newborns 
typically cling to their mother and are carried on her body 
wherever she goes until they are capable of independent 
locomotion. Thus, most primate mothers not only nour-
ish their offspring with milk, but also carry its increasing 
weight during their daily travel and foraging (ﬁ g. 14.2). In 
a few haplorrhines (notably callitrichines) and some “mo-
nogamous” species (e.g., owl monkeys, Aotus spp., and 
siamang), males or other helpers take over some of the car-
rying task (see chapter 17, this volume), but nourishment 
through lactation remains the responsibility of the mother. 
In contrast, many strepsirrhine mothers leave their young 
offspring in a nest or tree hole or pick them up orally to 
transport and then “park” them in ever- changing hiding 
places while they forage (Kappeler 1998; Ross 2001; chap-
ter 2, this volume).
 Fulﬁ lling all the nutritional requirements of an ac-
tively moving and growing immature is the most energy- 
demanding phase of maternal investment, requiring more 
energy than gestation. Lactation represents more than 75% 
of the total maternal energy cost of reproduction (Oftedal 
1984). Initially the mother provides all nutrition through 
milk, but this is followed by a sometimes very long transi-
tional period in which milk supplements the infant’s own 
increasing efforts to ﬁ nd, select, and process solid foods. 
Compared to that of other mammals, the milk of most 
primates contains a high level of lactose, but little fat and 
protein (Tilden & Oftedal 1997). This high- lactose milk, 
which the infant can easily digest, is thought to enable rapid 
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mother’s diet by the time they are fully weaned at ﬁ ve to 
seven years of age. Similarly, gorilla (Gorilla gorilla) wean-
lings know the adult diet (Nowell & Fletcher 2008), and 
weaned immature chimpanzees (Pan troglodytes) and Su-
matran orangutans (Pongo abelii) can use tools common to 
their populations (Lonsdorf 2005; van Noordwijk & van 
Schaik 2005). However, chimpanzee males can practice 
communal hunting skills only from adolescence onwards, 
since their mothers do not usually participate actively in 
hunts and thus cannot model this behavior for their sons 
(Boesch & Boesch- Achermann 2000).
The larger the infant grows, the more its being carried 
that the infant has enough food- handling skills to buffer 
a temporary energy shortage. Thus, the optimal timing of 
weaning is affected by the infant’s mass, age (physiological 
maturation), and competence in locomotion (in the absence 
of helpers; see ﬁ g. 14.3), food processing, and foraging (rec-
ognizing foods). This is especially needed in species whose 
diets require either complicated foraging skills (i.e., need-
ing practice before efﬁ ciency is reached—e.g., hunting, tool 
use), or knowledge of a vast diversity of food items. Indeed, 
Jaeggi et al. (2008) showed that infant Bornean orangutans 
(Pongo pygmaeus), who associate almost exclusively with 
their mothers, have already acquired full knowledge of their 
Fig. 14.2. A six- year- old Bornean orangutan (Pongo pygmaeus) suckling, illustrating the long exclusive investment made by orangutan females, which exhibit the 
longest interbirth intervals of all primates. Photo courtesy of Johanna van Schaik.
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completely independent (e.g., Drakensberg chacma baboon 
population: Barrett et al. 2006b). The validity of this argu-
ment depends on the extent to which a particular mortality 
risk is extrinsic and thus affects individuals irrespective of 
their care- dependent physical condition.
The degree of seasonality of food availability and repro-
duction may similarly affect the balance between the inter-
ests of infant and mother. If gestation and lactation together 
take about 12 months in a very seasonal environment, an 
infant requiring just a few months of extra lactation may 
cause its mother to skip a full reproductive cycle. In pri-
mate populations with a less seasonal reproductive sched-
ule or one that easily ﬁ ts within a seasonal cycle, females 
will have more ﬂ exibility in adjusting their investment to 
the needs of their current offspring. Here we expect that 
ﬂ uctuations in food availability (either extrinsic or medi-
ated through group size or dominance) affect the duration 
of lactation and thus interbirth intervals (e.g., long- tailed 
macaques, van Noordwijk & van Schaik 1999; chacma ba-
boons, Barrett et al. 2006b; Phayre’s leaf monkeys, Borries 
et al. 2008).
Differences in weaning age between populations of ba-
boons (Lycett et al. 1998; Barrett et al. 2006b), gorillas 
(Nowell & Fletcher 2007), and orangutans (van Noord-
wijk & van Schaik 2005; van Noordwijk et al. 2009) have 
been attributed to differences in care- dependent mortality 
risk. In most cases, however, it remains an open question 
whether and how a mother can accurately assess her off-
spring’s needs and survival chances, and thus whether her 
prolonged nutritional investment affects the offspring’s 
chance of success.
Parent- offspring conﬂ ict is over the extent of investment 
and the timing of a mother’s switch from investing in the 
current offspring towards starting her next reproductive ef-
fort. Since in primates this transition does not mark the end 
of mother- offspring association, the severity of the conﬂ ict 
over the timing of this switch is mainly determined by the 
degree to which an offspring’s survival depends on mother’s 
milk as a continued supplement to its nutrition.
Post- Weaning Maternal Care
One of the most striking features of primate development 
is that weanlings still rely critically for survival on addi-
tional low level, nonexclusive support provided during 
their prolonged postweaning association with the mother 
and others. Such support can be in the form of (1) protec-
tion against inclement weather, predators, and conspeciﬁ cs, 
(2) sharing food or other resources or tolerating scrounging, 
and (3) providing learning opportunities. Females may even 
interferes with the mother’s movements, especially dur-
ing foraging (Altmann 1980). Indeed, several studies have 
shown that carrying during maternal foraging and rest-
ing decreases sooner than during the mother’s travel (ﬁ g. 
14.4), whereas the end of lactation largely coincides with 
the end of body contact during maternal nonresting activity 
(e.g., in geladas, Theropithecus gelada, Barrett et al. 1995; 
capuchins, Fragaszy et al. 2004). Carrying the young in-
fant, however, serves not only for transportation but also 
for thermoregulation. Schino and Troisi (1998) found more 
attempts to maintain body contact by infant Japanese ma-
caques at lower temperatures. The mothers frequently re-
jected these attempts, suggesting a rarely noticed mother- 
offspring conﬂ ict over thermoregulation.
 There may be a conﬂ ict over when the infant is allowed 
to nurse (Altmann 1980; Barrett et al. 1995), but Bateson 
(1994) and Barrett et al. (2006) have argued that there is 
no parent- offspring conﬂ ict over the timing of weaning, 
since the interests of mother and offspring in the infant’s 
survival are the same (see also Maestripieri 2002). In this 
view, weaning tantrums are honest signals of the offspring’s 
needs, and therefore they reﬂ ect an imbalance between those 
needs and what the mother offers (Barrett & Henzi 2000). 
This view can be reconciled with classic parent- offspring 
conﬂ ict by considering two different situations. Where im-
mature mortality is largely due to extrinsic factors (preda-
tion, disease, infanticide), and thus largely independent of 
the quality of prolonged maternal investment, infants may 
be weaned relatively early and sometimes forcefully, which 
is indicative of conﬂ ict (vervets, Hauser 1993; Fairbanks & 
McGuire 1995; baboons, Lycett et al. 1998). On the other 
hand, if mortality is strongly affected by care, mothers are 
expected to invest heavily in each offspring until it can be 
Fig. 14.3. The theoretically optimal moment for the mother to switch (S) her 
investment from her currently dependent infant to her next offspring, which is 
equally related to her. For the infant, more investment in itself would contribute 
more to its expected ﬁ tness than the mother’s investment into a full- or half- 
sibling. B indicates the moment of birth.
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a relatively young age before it can survive independently 
(van Noordwijk & van Schaik 2005).
The value of this continued care to the offspring appears 
to be appreciable. Although unweaned primate infants 
generally do not survive the death of their mother (Thierry 
& Anderson 1986; Fairbanks 2000; Boesch et al. 2010), 
the fate of weaned immatures orphaned at different ages, 
relative to their peers, is much less known. Among wild 
long- tailed macaques, juveniles that lost their mothers after 
weaning suffered signiﬁ cantly higher mortality (ﬁ g. 14.5). 
In this wild population, with a generally high survival rate 
(0.66 from birth to four years), the youngest survivors all 
had a closely related adult female in the group. Thus, moth-
ers apparently provide valuable services beyond those gen-
erally obtained from group living. Protection against intra-
group competition (via agonistic support) and, perhaps, 
against thermal challenges during the night (via huddling), 
are probably more consistently provided by mothers than 
by other group members.
provide these forms of care to grand- offspring (Fairbanks 
1988, 2000; Pavelka et al. 2009).
In group- living primates, this postweaning association 
between mother and offspring may last much longer than 
the preweaning phase, even for youngsters of the dispers-
ing sex. This extended maternal care does not prevent the 
mother from having subsequent offspring. The resulting 
simultaneous association of the mother with several im-
mature offspring of different ages—“stacking”—is the rule 
among diurnal primates, with the notable exception of the 
orangutan, whose rather solitary lifestyle limits permanent 
association of a mother to, at most, two immature offspring 
at a given time (van Noordwijk & van Schaik 2005).
It is difﬁ cult to estimate the cost of postweaning care to 
the mother. Some of the costs potentially are shared with 
other individuals in the group, in that immatures can fol-
low other group members to food sources and can beneﬁ t 
from their vigilance. The mother may beneﬁ t from this ar-
rangement as well, in that she can wean her offspring at 
Fig. 14.4. Body contact and/or  of an infant at different ages during the mother’s travel (true transportation of the infant) and her mostly stationary foraging. 
Infants tend to reach locomotory independence before weaning (W) in (a) wild, mostly arboreal, long- tailed macaques (Macaca fascicularis) in Ketambe (data from 
Karssemeijer et al. 1990), (b) partly terrestrial rhesus macaques (M. mulatta) in a seminatural habitat, Chhatari (data from Johnson 1986), (c) arboreal Bornean 
orangutans (Pongo pygmaeus wurmbii) in Tuanan (data from van Noordwijk et al. unpublished), (d) wild arboreal pair- living siamangs (Symphalangus syndactylus) at 
Way Canguk, in which the father starts to carry the offspring from around the time of weaning (data from Lappan 2008).
a
b
c d
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female Japanese macaques have lower success in raising 
their ﬁ rstborns than do primiparous females with mothers 
in the group (Hasegawa & Hiraiwa 1980). The presence of 
the mother is even reported to enhance mating chances of 
philopatric bonobo sons (Pan paniscus, Surbeck et al. 2010), 
thus suggesting reduced mating success for male orphans. In 
other species, much less is known about the fate of sons that 
survive their mother’s death, especially after dispersal from 
the natal group. Alberts and Altmann (1995a) reported that 
orphan yellow baboon males disperse at a younger age than 
their peers, but studies of other cercopithecines did not con-
ﬁ rm this effect (Kuester & Paul 1999; Fairbanks 2000; van 
Noordwijk & van Schaik 2001).
The importance of postweaning support from adults 
is underscored by another phenomenon. Compared with 
other species, primate immatures arguably have a stronger 
tendency to maintain an attachment with a primary care-
giver well into juvenility. Usually this primary caregiver is 
the mother, but in her absence it can be another (usually re-
lated) female, an older sibling, or an adult or subadult male 
with whom the orphan spends as much time in proximity 
and grooming as it would have done with its mother (Japa-
nese macaques, Hasegawa & Hiraiwa 1980; Nozaki 2009; 
white- faced capuchins, Perry 2008; chimpanzees, Boesch 
et al. 2010). Orphans play an active role in maintaining 
such mother- replacing relationships: they adopt their care-
givers more persistently than vice versa, and just as with 
the mother- offspring relationship, such adopted bonds 
may last a lifetime, at least among females (Yamada et al. 
2005; Nakamichi & Yamada 2007). Even male caretakers 
frequently accept adoptions (but not always: Boesch et al. 
2010). For example, a gorilla orphan tends to be adopted 
by its putative father, who will share a nest with it (Stewart 
2001; Yamagiwa & Kahekwa 2001), and male chimpan-
zees may do the same (Boesch et al. 2010). If immature 
adoptees are almost weaned at the time of the mother’s 
death, they seem to have a good chance of survival at least 
until maturity (chimpanzees, Watts & Pusey 1993, Boesch 
et al. 2010; ursine howler monkeys, Aloutta arctoidea, Pope 
2000; chacma baboons, Engh et al. 2001; Japanese ma-
caques, Nozaki 2009). Although the beneﬁ ts to the young 
immatures of such relationships seem obvious, no studies 
have yet shown a signiﬁ cant effect on orphan survival. Even 
less is known about the beneﬁ ts, and particularly the costs, 
to caregivers.
Overall, current data suggest that in primates, offspring 
with a prolonged mother- offspring association have better 
chances of survival and reproduction, and thus selection is 
expected for the mother’s survival, which could beneﬁ t not 
only her youngest offspring, but her older ones and other 
maternal kin as well.
 Among some primates living in multifemale, unimale 
groups subject to male takeover events, such as many lan-
gurs, weaned immatures may accompany an ousted male 
(likely their father), when he leaves the natal group and 
joins an “age- graded- all- male” band, which actually may 
include immature females (see chapter 19, this volume; ﬁ g. 
19.7; Hrdy 1977; Rajpurohit & Sommer 1993; Steenbeek 
et al. 2000). In these species, a physical and social separa-
tion between mother and weaned offspring is quite com-
mon. Rajpurohit & Sommer (1993) reported that 50% of 
juvenile Hanuman langurs (Semnopithecus entellus) that 
joined an all- male band died within a year, whether they 
were living with their putative father or not. Although no 
formal comparison was presented, this number is likely to 
be much higher than the mortality rate of mother- associated 
immatures still living in their natal home range (which may 
be of higher quality than the range of an all- male band). 
This comparison supports the notion of the beneﬁ ts of con-
tinued association with the mother.
Certainly, however, survival of juvenile orphans is not 
uncommon. In such cases (chapter 17, this volume), it could 
be argued that the prolonged care provided by the mother 
is not essential. However, even where orphan survival is 
relatively high, female orphans rarely acquire as high a 
social status as expected in light of their maternal rank 
(Hasegawa & Hiraiwa 1980; Johnson 1987; Lee & John-
son 1992; Johnson 2006), although occasionally fraternal 
support allows them to reach higher rank than expected 
(chacma baboons: Engh et al. 2009). Lacking competitive 
support, orphans are also reported to grow at a slower rate 
(chacma baboons, Johnson 2006). In addition, orphaned 
Fig. 14.5. Percentages of orphaned long- tailed macaques that survived to 
reach the next age cohort after the death of their mothers, compared to im-
matures with surviving mothers. Survival is lower for orphans whose mothers 
died after weaning but before they were one year old (Gadj0 = 7.26, p < 0.001), 
and for those whose mothers died when they were one to two years old (Gadj = 
8.36, p < 0.01). But maternal death could affect the survival of three- to four- 
year- old juveniles as well (Gadj = 2.79, p <0.10).
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of selection for natal attractivity to enlist appropriate ma-
ternal care. Thus, infant carrying by others than the mother 
in hierarchically structured primate groups probably can-
not be considered care, since it does not relieve the mother 
from providing care (cf. Hrdy 1976).
In some species, temporary aggregations of same- aged 
infants can be found near just one or a few vigilant females 
while the other mothers concentrate on foraging without 
being distracted or hindered by their active infant (e.g., 
Nilgiri black langur, Semnopithecus johnii, Poirier 1968; 
patas monkeys, vervet, guenons, Chism 2000). However, 
despite some indications that this crèche- allocare may en-
able females to achieve a shorter interbirth interval (Fair-
banks 1990), it is still unclear whether all mothers take 
turns and beneﬁ t equally from such shared child supervi-
sion. In some colobines, juvenile helpers (who tend to be at 
least paternally related) carry infants during long- distance 
travel (Kirkpatrick 2007; Xi et al. 2008), but it is not yet 
clear how valuable this allocarrying is for the mother or 
her offspring. Thus, in many species the real value of infant 
carrying for the mother (reduced investment), the infant 
(increased chances of survival), or the caregiver (improved 
maternal skills), as well as the degree of reciprocity involved 
(communal care), are largely unresolved.
Allonursing is a form of allocare with a clear energetic 
cost (milk) to the provider. This has been reported for strep-
sirrhines (gray mouse lemurs, Microcebus murinus, Eberle 
& Kappeler 2006; silky sifakas, Propithecus candidus, Patel 
2007), New World monkeys (ursine howler monkeys, Pope 
2000; capuchins, Fragaszy et al. 2004; squirrel monkeys, 
Soltis et al. 2005), and several Old World monkeys (gue-
nons, patas, talapoin monkeys, Chism 2000; colobines, 
Kirkpatrick 2007), but rarely among macaques, baboons, 
and great apes. Since only other lactating mothers can pro-
vide allonursing, the potential for reciprocity is clear. Occa-
sionally some allonursing is provided by females who have 
not given birth (e.g., ring- tailed lemurs, Pereira & Izard 
1989) or who have lost their own infants (Bolivian squirrel 
monkeys, Saimiri boliviensis, Milligan et al. 2008).
If mothers are equally likely to provide some allonursing 
to each other’s infants, they don’t gain or lose net energy 
from this form of communal care, but might gain foraging 
efﬁ ciency in not having to stay in permanent close proxim-
ity to their infants (Eberle & Kappeler 2006; Perry 2008). 
However, in populations of different capuchin species, low- 
ranking mothers nursed infants of high- ranking mothers 
more often than vice versa, thus suggesting an uneven ad-
vantage (O’Brien 1988; Perry 1996; Baldovino & di Bitetti 
2006).
True allocare that reduces the amount of energy a mother 
expends on carrying her relatively heavy offspring is found 
Allomaternal Support: Who Cares, and How?
In dispersed, relatively solitary primates such as orangutans 
and some nocturnal strepsirrhines, mothers are the sole 
source of support for their offspring. In many gregarious 
species, particularly those living in bisexual, multi female so-
cieties, membership in a social group provides mothers and 
offspring with some shareable beneﬁ ts, such as enhanced 
predator detection and access to food. Several recent stud-
ies have shown a strong correlation between a female’s re-
productive parameters (especially offspring survival) and 
the number of her adult maternal relatives in the group 
(e.g., ursine howler monkeys, Pope 2000; chacma baboons, 
Cheney et al. 2006; white- faced capuchin monkeys, Fedigan 
et al. 2008) or the number of close associates (baboons, Silk 
et al. 2003; 2009; Japanese macaques, Pavelka et al. 2009). 
Even though the support provided by these relatives differs 
between species, these data suggest that primate mothers 
beneﬁ t from a social network to raise their offspring. This 
effect can be seen as an extension of the maternal effects 
discussed in the previous section.
Primate mothers and immatures can also receive direct, 
targeted attention from certain group members in the form 
of babysitting, carrying, allonursing, and provisioning. 
When mothers mutually provide allonursing and perhaps 
other forms of care to each other’s offspring, we speak of 
communal breeding. In principle, communal care can be 
exchanged and more or less fairly reciprocated among 
mothers. When mothers and offspring receive extensive 
care from nonmothers—that is, males and nonreproduc-
tive adults or subadults—we speak of cooperative breed-
ing. To test whether seemingly helpful behavior actually 
constitutes care, either the mother or the offspring should 
have enhanced reproduction or survival when more help is 
received.
In species with a strict dominance hierarchy, mothers are 
often reluctant to let others, especially non- kin, handle their 
offspring (Chism 2000). Nevertheless, other adult females 
and immatures of either sex in particular are attracted to 
young infants and try to get access to them through groom-
ing the mother (e.g. Muroyama 1994; Henzi & Barret 
2002), whereupon they handle the infants and even carry 
them away from their mothers. This does not occur spe-
ciﬁ cally when such transportation is needed, however, and 
low- ranking mothers have difﬁ culty retrieving infants from 
dominant handlers (Chism 2000). Fairbanks (1990) sug-
gested that vervet monkey infant handlers themselves ben-
eﬁ t by gaining experience. However, in her study of bonnet 
macaques (Macaca radiata), Silk (1999) found no clear ben-
eﬁ ts to infant handlers, mothers, or infants, and therefore 
concluded that infant handling is most likely a by-product 
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shown by overt aggression or harassment of other females, 
thereby limiting group membership, suppressing other fe-
males’ reproductive physiology, or even killing subordi-
nate females’ newborns (see chapter 15, this volume, ﬁ g. 
15.5; Digby 2000; common marmoset, Callithrix jacchus, 
Saltzman et al. 2009). However, breeding females are also 
reported to disproportionally groom the females that help 
them, which can be interpreted as an incentive to keep them 
in the group as caregivers (common marmoset, Lazaro- 
Perea et al. 2004). Thus, successful reproduction of females 
in cooperative breeding primates has become completely 
dependent on allocare, and recruiting helpers is an essential 
component of reproduction for these females (ﬁ g. 14.6). As 
in species living in single- female groups (e.g., siamangs, 
Lappan 2008; spectral tarsier, Gursky 2000). A compari-
son of siamang groups with different levels of male care 
showed that mothers that received more carrying help from 
their male partners had shorter interbirth intervals (Lappan 
2008, 2009). In a small number of primates that tend to give 
birth to twins or even triplets, male partners of the mother 
do most of the carrying and provisioning (Cal litrichines: 
Bales et al. 2002; Fite et al. 2005). Mothers may carry and 
retrieve their offspring even less when the available helpers 
are experienced at allocare (Fite et al. 2005).
Females in such cooperative breeding systems compete 
heavily over access to helpers. This competition may be 
Fig. 14.6. Allomaternal care is especially pronounced in the callitrichines. For example, callitrichine twin infants are carried most of the time during their ﬁ rst three 
to four weeks of life, but other group members, such as this adult male moustached tamarin (Saguinus mystax) in Peru, relieve mothers of much of the cost of this 
activity. Photo courtesy of Julia Diegmann.
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Maternal Investment in Sons and Daughters
If unequal numbers of females and males are present in a 
population, mothers producing offspring of the rarer sex 
beneﬁ t by obtaining more grand- offspring, which will drive 
the secondary sex ratio toward equality (Fisher 1930). 
Thus, equal investment in sons and daughters is expected. 
However, many studies on wild mammals have found de-
viations from an equal sex ratio (Clutton- Brock & Iason 
1986; Sheldon & West 2004). The reason is that individual 
females may achieve greater reproductive success via off-
spring of one sex because their social position or age differ-
entially affects either the costs of raising sons or daughters 
or the expected reproductive success of these offspring.
Several hypotheses identify beneﬁ ts to mothers of bias-
ing their investment according to the sex of their offspring. 
The Trivers- Willard (1973) hypothesis predicts that fe-
males will bias the sex ratio according to differences in 
their ability to enhance the future reproductive success 
of sons versus daughters. The local resource competition 
(LRC) hypothesis posits that mothers will bias the sex ra-
tio of their offspring in favor of the dispersing sex (usually 
male in primates). This is because adults of the philopatric 
sex (usually female) compete over food and other resources 
with their own mothers (as well as their sisters), thereby 
reducing both their mothers’ ability to reproduce and their 
own (Clark 1978). However, if offspring of the philopatric 
sex improve their mother’s additional reproduction (e.g., 
directly through allocare in cooperatively breeding species 
or indirectly through matriline size effects), then the moth-
ers are expected to bias sex ratios toward the philopatric 
sex as per the local resource enhancement (LRE) hypothesis 
(Emlen et al. 1986).
Silk and Brown (2008) found that the adult size dimor-
phism of a species, which is often used as a proxy for the rel-
ative energy costs of raising sons versus daughters, was not 
independently correlated with the average birth sex ratio 
in that species. In primate species in which the conditions 
of LRC apply, females give birth to signiﬁ cantly more off-
spring of the dispersing sex (Johnson 1988; Silk & Brown 
2008), whereas in LRE species with cooperative breeding, 
the birth sex ratio is biased towards the helping sex. Even 
though these results suggest adaptive deviations from the 
expected 1:1 sex ratio for the average conditions for spe-
cies, they may mask further ﬁ ne- tuning at the population 
or individual level. For example, van Schaik & Hrdy (1991) 
pointed out that the severity of local competition may vary 
both within and between populations (as well as with pro-
visioning or captive conditions), and that this may explain 
why the costs and beneﬁ ts of differential investment could 
vary even within populations. In a meta- analysis, Schino 
a consequence, mothers have an extended conﬂ ict of inter-
est with their own weaned offspring, who are unable to re-
produce in their natal group. Older offspring can either pro-
vide allocare for siblings, which is in the mother’s interest, 
or try to ﬁ nd a breeding position in another group, which 
may be even more costly to them than helping their mother 
(e.g., saddle- back tamarin, Saguinus fuscicollis, Goldizen 
et al. 1996). Only one daughter can take over the mother’s 
support group upon her death, typically after a reproduc-
tive tenure of only a few years. Thus, whereas the outcome 
of mother- infant conﬂ ict over investment depends on the 
mother’s access to sufﬁ cient help, her conﬂ ict with her sexu-
ally mature offspring depends on demographic conditions.
 Comparative analyses (Mitani & Watts 1997; Ross & 
MacLarnon 2000; Ross 2003) have suggested that species 
with some form of allocare (such as guarding, carrying, or 
allonursing) have faster infant growth and shorter interbirth 
intervals than species that lack such help. However, because 
infants of species with allocare are not larger as weanlings 
and do not start reproduction earlier than those without 
allocare, it was concluded that almost all allocare can be in-
terpreted as being beneﬁ cial for the mother, but not directly 
beneﬁ cial for individual infants. Yet a direct survival beneﬁ t 
to allocare for infants is suggested by within- species com-
parisons of the level of received allocare in obligate coop-
erative breeders. These species show a high risk of maternal 
abandonment of infants when helpers are lacking (several 
Callitrichine species, Santos et al. 1997; Bardi et al. 2001). 
In addition, orphaned gray mouse lemur and white- faced 
capuchin monkey infants, living in settings with a relatively 
high level of allonursing, appear to have increased chances 
of survival through adoption by their allomothers, although 
sample sizes remain small (Eberle & Kappeler 2006; Perry 
2008). Such enhancement of offspring survival would bene-
ﬁ t both the mother and the offspring—although, as with all 
insurance policies, only a few individuals reap the beneﬁ ts.
In conclusion, in at least some primate species a mother’s 
minimally required investment in an offspring, as well as her 
reproductive success, depend on the quality and quantity of 
the allocare her offspring receives, which in turn largely de-
pends on her own social relationships. An infant’s chance 
of survival may improve in the presence of allocaregivers (in 
cooperative breeders) or allomothers (in communal breed-
ers). More importantly, perhaps, in both communal and 
cooperative breeders a mother can decrease the amount of 
care she gives her offspring in response to the level of allo-
care received, and thus she can save energy for investment 
in her next offspring—whereas the infant’s physical devel-
opment is hardly affected by allocare. In species with des-
potic female hierarchies, true allocare is relatively rare due 
to the potential for very uneven distribution of the beneﬁ ts.
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long- tailed macaques (van Noordwijk & van Schaik 1999, 
2001). However, the same high- ranking females also pro-
duce daughters with reproductive advantages (see also John-
son 2003; Altmann & Alberts 2005); thus, the differential 
payoff of biased investment in sons is still unclear.
Biased sex ratios at birth reﬂ ect biased early investment, 
possibly mediated by sex- biased early abortion under the 
inﬂ uence of glucose and hormone levels (Grant 2007; James 
2007; Cameron et al. 2008). Some epigenetic consequence 
of adverse conditions during early development may also 
affect sons and daughters differently (Price & Coe 2000; 
Cirulli et al. 2009b). Also, females could bias their postna-
tal investment in sons and daughters, resulting in different 
interbirth intervals. For example, the duration and energy 
costs of maternal care of unweaned offspring are greater 
for sons than for daughters in chimpanzees (Nishida et al. 
2003), mountain gorillas (Robbins et al. 2007), Hanuman 
langurs, (Ostner et al. 2005), rhesus macaques (Bercovitch 
et al. 2000), and gray mouse lemurs (Colas 1999). This 
sex difference in early investment may, however, be coun-
terbalanced by compensatory maternal care later in life in 
philopatric female offspring, where daughters (and their 
offspring) receive disproportionately more grooming and 
agonistic support than do sons (Fairbanks 1988).
In summary, at the species level systematic deviations 
from an equal sex ratio at birth consistent with the predic-
tions of the LRC and LRE hypotheses have been shown. 
Fine- tuning of this adjustment at the population or individ-
ual level may contribute to seemingly inconsistent results. 
In most cases, however, it remains an open question how 
much primate mothers inﬂ uence their sons’ lifetime repro-
ductive success, whereas a mother’s long- lasting impact on 
her daughters’ reproduction is well documented, at least in 
groups with matrilineal hierarchies. This makes it still hard 
to test Trivers and Willard’s hypothesis of maternal condi-
tion effects on offspring sex ratio in primates.
From Maternal Investment to Lifetime Maternal Care?
Primate mothers bestow on their offspring lifelong physio-
logical maternal effects, reﬂ ecting the outcome of a mother- 
offspring conﬂ ict over investment affected by the mother’s 
condition during the offspring’s early development. How-
ever, all primate mothers also maintain individualized rela-
tionships with their weaned offspring and other members 
of their social group, or with neighbors in adjacent ranges. 
On the other hand, there is much variation among primates 
in the extent of care provided to immatures by mothers and 
others, whether offspring of both sexes disperse, or whether 
mothers maintain lifelong associations with adult daughters 
(2004) indeed found a clear effect of food availability on 
birth sex ratios in different primate populations. Nunn and 
Pereira (2000) also found evidence for ﬁ ne- tuning within a 
species. Their study of one provisioned population of ring- 
tailed lemurs suggested both LRE and LRC effects on off-
spring sex ratio. Females that had just formed a new group 
(through ﬁ ssion) and young females that received targeted 
aggression preceding expulsion overproduced daughters 
that could serve as potential allies (LRE). At the population 
level, however, females tended to overproduce dispersing 
sons at larger group sizes (LRC). Thus, multiple factors af-
fect the potential beneﬁ ts to mothers of differential invest-
ment in sons and daughters, and under different conditions, 
different pressures may prevail (cf. Cockburn et al. 2002).
The facultative sex ratio adjustment hypothesis of Triv-
ers and Willard (1973) assumes not only that the variance 
in reproductive success is higher for one sex (usually males, 
in polygynous animals) but also that the mother’s condi-
tion (including her physical, nutritional, and social sta-
tus) during the investment period differentially inﬂ uences 
the future reproductive success of her sons and daughters. 
Thus, mothers in good condition are expected to over-
produce high- quality sons with high reproductive success 
prospects, whereas mothers in poor condition would have 
more grand- offspring if they overproduce daughters whose 
reproductive success is less affected by their quality.
For primates, we still lack quantitative evidence that 
maternal condition (or, more likely, dominance rank as a 
proxy for ability to garner food or protect offspring) during 
the offspring’s early development differentially affects the 
later reproductive success of sons and daughters. Obviously, 
this assumption is difﬁ cult to test in long- lived species in 
which there is a long delay between weaning and the onset 
of reproduction, and in which accurate lifetime reproductive 
data are typically much harder to collect for members of 
the dispersing sex than for the philopatric sex. In primates 
with female philopatry, the expected reproductive future of 
daughters is similar to that of their mothers under ecologi-
cally and socially stable conditions. A mother’s inﬂ uence on 
her son’s reproductive prospects, however, is usually limited 
because she can effectively support her immature sons only 
up to a certain size, above which agonistic support from a 
female no longer meaningfully affects male- male competi-
tion outcomes (bonobos may be an exception: Surbeck et al. 
2010). In some cercopithecines, the sons of high- ranking 
mothers mature faster and enjoy better physical condition 
in early adulthood than do the sons of low- ranking fe-
males (Alberts & Altmann 1995a, b; Bercovitch et al. 2000; 
Setchell et al. 2001; Garcia et al. 2009). Such developmen-
tal advantages may well enhance these males’ reproductive 
success after successful dispersal, as has been reported for 
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bonding mechanism (grooming exchange and agonistic 
support) to obtain similar reproductive beneﬁ ts.
 Long life span and individualized social relationships may 
have facilitated the development of strong, lifelong bonds 
between mothers and their offspring, with mutual beneﬁ ts. 
Similar long- lasting bonds are found in some nonprimate 
gregarious mammals (e.g., elephants, Loxodonta africana, 
Archie et al. 2006). In most mammals, however, females 
provide one- sided maternal investment in offspring, which 
is accompanied by conﬂ ict over the level and continuation 
of investment. Primate mothers tend to live in social settings 
in which the period of minimally required maternal invest-
ment is followed by an extended association, which for the 
philopatric sex lasts a lifetime. These associations enable 
lifelong, mutually supportive bonds that beneﬁ t both moth-
ers and their offspring. Thus, in at least some primates, the 
quality of a female’s lifelong maternal care may well be an 
important component of her reproductive success.
Summary and Conclusions
In this chapter I have examined some of the patterns and 
variables affecting maternal investment and care among 
primates. For example, variation is found in the timing of 
reproduction relative to more or less predictable changes 
in food abundance. With lengthening of the reproductive 
cycle (conception to weaning) and decreasing predictabil-
ity in food supply, mothers are more likely to store fat re-
serves to ensure sufﬁ cient nutrient supply to their dependent 
offspring. Thus, primate species vary in their patterns of 
maternal physiology, and in the likelihood and timing of 
reproductive failure. In addition, the value of a mother’s 
continued investment for the survival of the offspring af-
fects the ﬂ exibility in the timing of her termination of ma-
ternal investment. Furthermore, maternal effects triggered 
during early development can have lifelong physiological 
consequences. In the long- lived primates, these seem to re-
ﬂ ect a compromise between the mother’s physical and so-
cial condition and the offspring’s demands, and they indi-
cate sensitive developmental periods followed by limits to 
physio logical plasticity later in life.
Finally, with their relatively slow development and ten-
dency to have a gregarious lifestyle, primate mothers not 
only invest in their offspring through gestation and lacta-
tion, but also maintain a long- lasting association with their 
weaned offspring, during which maternal care is still valu-
able to the offspring. This bond may still award beneﬁ ts 
during young adulthood for offspring of the nondispers-
ing sex.
(in many primates) or sons (in, for example, chimpanzees 
and bonobos: Stumpf 2007).
Prolonged maternal association may be beneﬁ cial to the 
young offspring, but it is not parental investment in that 
it does not directly reduce a mother’s future reproduction. 
At least where group living is ecologically beneﬁ cial, the 
mother’s costs of extended association with offspring are 
low—and if the extended association does beneﬁ t the off-
spring, the mothers also derive inclusive ﬁ tness beneﬁ ts. The 
same would be true for association and care extended to 
other relatives. Females in species with despotic matrilineal 
hierarchies that regulate access to food and safety beneﬁ t 
most from strong supportive bonds, and their offspring 
beneﬁ t from receiving prolonged protection against other 
group members. Here a mother’s dominance rank can af-
fect her daughters’ early reproductive success, and daugh-
ters acquire their own dominance rank with matrilineal 
support (ﬁ g. 14.7). Thus, daughters beneﬁ t from a strong 
bond with their mothers, but the mothers may beneﬁ t from 
associating with their daughters as well, through agonistic 
support or other supportive social interactions. The beneﬁ ts 
for a female’s reproductive success of extended association 
and matrilineal bonds may be so high that, in the absence 
of maternal kin, a female invests in establishing and main-
taining a limited number of strong replacement bonds (Silk 
et al. 2006a, b), which may even help her to overcome the 
disadvantages of low dominance rank (Silk et al. 2009). 
Thus, prolonged mother- offspring care may have given rise 
to similar relationships among other dyads, using the same 
Fig. 14.7. One of the most signiﬁ cant features of maternal care in primates 
is the prolonged association with adult offspring, especially daughters, and the 
resultant opportunities for continued support. Here, a mother- and- daughter pair 
of white- faced capuchin monkeys (Cebus capucinus) at Santa Rosa, Costa Rica, 
have formed a coalition against a rival female. Photo courtesy of Susan Perry.
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